A method for the rapid determination of double-layer capacitancepotential curves of electrodes is described. An on-line computer is used to apply Kalousek-type waveforms to the electrochemical cell and to measure the accompanying current response. If the technique is used to determine titration end-points, quantitative results can be obtained from the stoichiometry of the titration reaction [2] and the first drawback can thus be circumvented. The computerization of the method described here is meant to simplify the measurements to such an extent that routine application will be possible. Various methods have been described for the determination of the capacitance of the electrical double layer 13-61. The impedance bridge method is still believed to be the most accurate one, but it is very time-consuming_ AII other methods described so far rely on measurements on an oscilloscope screen, which are also rather tedious. Phase-seiective tensamm etry [7 3 is an exception in that aspect as there are direct-recording instruments for this technique_ However, its use for end-point detection in titrations still requires many manual operations_ This paper describes a computer technique for the determination of the
If the technique is used to determine titration end-points, quantitative results can be obtained from the stoichiometry of the titration reaction [2] and the first drawback can thus be circumvented. The computerization of the method described here is meant to simplify the measurements to such an extent that routine application will be possible. Various methods have been described for the determination of the capacitance of the electrical double layer 13-61. The impedance bridge method is still believed to be the most accurate one, but it is very time-consuming_ AII other methods described so far rely on measurements on an oscilloscope screen, which are also rather tedious. Phase-seiective tensamm etry [7 3 is an exception in that aspect as there are direct-recording instruments for this technique_ However, its use for end-point detection in titrations still requires many manual operations_ This paper describes a computer technique for the determination of the capacitance of the electrical double layer and its use in computer-controlled titrations.
THEORY

Cclpacitance measurements
In the absence of faradaic currents, the electrical equivalent of an electrochemical cell consists of a capacitor C and a resistor R connected in series.
If a voltage step of magnitude AV is applied to the cell, its current response, from charging of the capacitor, will be i, = (AV/R) exp (-t/RC) (1) For a periodic square-wave signal with a period much greater than RC, the current response is given in Fig. 1 . At the end of both half-periods, the current has dropped to zero and the voltage across the capacitor has reached the applied voltage, either V, or V,,. Equation ( meants should be performed after a reversal near the end of the drop life where the relative change of its surface can be neglected.
_
In the absence of faradaic currents, one pulse and current measurements directly after the flank of the pulse will suffice to determine the double-layer capacitance. The application of Kalousek-type waveforms offers no special facilities in this case. However, in the presence of electroactive species, capacitance changes at V, (Fig. 1) should be observed if tensammetrically active substances are being produced during the V, half-period. For reversible electrode reactions, pseudo-capacitance peaks will be observed in the C( V,)-V, curves. These can be distinguished from the tensammetric processes by observation of the corresponding Kalousek polarograms: type II polarograms show a wave in the same region.
Titrations with tensammetric end-point detection
Tensammetry has been used for end-point detection in various types of titrations 12, 81. This type of end-point detection requires that the titration reaction produces or liberates a tensammetric compound or that it consumes such a compound. A distinction should be made between the twodifferent ways of assessing the concentration of a compound tensammetricahy, i.e. Generally, the adsorption isotherms show a straight line at low concentrations [ 91. This gives titration plots from which the end-point can be found as the intersection of two linear parts for titrations of a tensammetrically active substance and for titrations with a tensammetrically active titrant.
EXPERIMENTAL
Chemicals
Potassium chloride (Merck, zur Analyse), mercury (Drijfhout, polarographic grade), alizarin complexone dihydrate (Aldrich), cetyltrimethylammonium bromide (Merck, zur Analyse) and bromocresol purple (Merck, indicator grade) were used as received. Throughout the experiments, deionized water which was also filtered through Mihipore Q2 filters was used. The program for the automatic titrations with tensammetric detection of the end-point used the same routines for data acquisition and calculations, but was extended by routines for controlling the burette and for averaging the capacitance values obtained for several successive mercury drops. It operated with a fixed pulse base and pulse top potential. The experimental parameters that can be adjusted by the operator are pulse base potential, pulse top potential,-drop time, number of mercury drops for which the capacitance values are to be averaged per titration step, titrant volume increment per titration step, and the total volume of titrant to be added during the titration.
RESULTS AND DISCUSSION
Calibration
To calibrate the method, the polarographic cell was replaced by a standard capacitor decade. For a number of known capacitance values the computer result for the slope of the plot of log i against t was obtained with a measuring resistor of 1 MSZ, a pulse base potential of 0 V and a pulse top potential of t1.0 V. The data are given in Table 1 . The result can be expressed as capacitance (pF) = (computer result -1.824)/284.2.
The value of the intercept (1.824) can be explained by the capacitance of the cable used for the computer connections.
Double-layer capacitance measurements for 0.1 M KC1
For potassium chloride, accurate values are available for the double-layer capacitance at the mercury electrode obtained by the bridge method [ll] . These were used to check the computerized method. The comparison is given in Fig. 3. In the computerized measurements, a drop 
Titration of cetyltrimethylammonium bromide with bromocresol purple
Cationic detergents form complexes with anionic dyes. These reactions are used in the titrations of detergents 1141. Normally the end-points are determined with the use of an organic solvent immiscible with water, e.g. chloroform. The ion-association complex is insoluble in water and colours the chloroform layer. Both the sample and the titrant of these two-phase titrations generally show tensammetric activity [9] . The feasibility of a tensammetric determination of the end-point will depend on the properties of the complex formed during the titration. From Fig. 5 , it can be seen that the adsorption/desorption peak of bromocresol purple at -0.9 V is specific for the free bromocresol purple and can be used to monitor the titration of cetyltrimethylammonium bromide with this compound. Table 3 
Conclusions
The use of an on-line computer in double-layer capacitance measurements allows routine application of these measurements as a means for the detection of titration end-points. Combination of these measurements with computer control of titrant addition offers an automated technique for the use of titration reactions in which reagents or products are adsorbed at the mercury/ _ electrolyte interface_ The applications given show that this indication method is very useful for monitoring titrations with organic complexing reactions.
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